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Future Newsletters: If you have contributions for future newsletters, please send them to 
me. We love to also include news from other ATV groups. 
Jim Andrews, KH6HTV, email = kh6htv@arrl.net 


December BARC Meeting 

At the last Boulder Amateur Radio 
Club meeting, the featured speakers 
were Jim, KH6HTV, and Don, NOYE. 
Jim introduced the club to the computer 
program, Radio Mobile, for predicting 
the performance of VHF/UHF rf paths 
and generating rf coverage maps. Don 
then followed up showing some 
practical applications with ATV DX- 
peditions to the tops of mountains 
(SOTA) and some recent 5 & 10GHz 
microwave, ATV outings. 


Professor Don lecturing to his fellow hams. 
Note his pointer is an HF, 80m, whip antenna ! 
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Photos of Don, NOYE's 5cm, FM-TYV, signal as received by Jim, KH6HTV 
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Photos of Jim, KH6HTV's 5cm signal as received by Don, NOYE 


On Friday, Dec. 13th, Don, NOYE & Jim, KH6HTV tried out some of the new, really 
inexpensive ($30), 5.8GHz, FM-TV gear. (See the Nov. issue, #25 newsletter, pp. 8-10 
for details). They took the opportunity of a relatively nice, sunny day, but still COLD !, 
between snow storms to go out in the field for a microwave DX-pedition. They were 
able to establish a P5 video & Q5 audio, two way QSO, across town on the 5cm band 
using FM-TV. The photos above were taken from their video monitors of the received 
signals. Don was transmitting from his QTH in south boulder with 300mW into a 15" 
dish antenna with a home-brew feed. (See issue#25, p- 2 Jim was located near the 
Boulder municipal airport at the Boulder EE ms 
County Sheriff's EOC & 911 dispatch center. 
He was transmitting 750mw into an L- 
Comm BBQ grill dish antenna (23dBi). 
The rf path distance was 4.6 miles (7.4km). 
Their 5 cm microwave signals on 5.685 GHz 
passed over the City of Boulder with all of 
it's associated RFI from unlicensed ISM, Wi- 
Fi, etc. signals present. The radio 
propagation program, Radio Mobile, 
predicted that the received signal strength 
from Jim to Don would be -73dBm. Jim 
used a step attenuator on his receiver, and a 
knowing that his FM-TV receiver's video squelch threshold was -100dBm, ig estimated 
Don's signal strength to be about -75dBm, very close to that predicted by Radio Mobile. 
The Radio Mobile plot below shows the rf path. Jim's elevation was 5276 ft. while 
Don's was 5679 ft. on Shanahan Ridge in south Boulder. Both visually and rf wise, they 
had a clear, unobstructed path. 


TV Rptrs Rptr-30a.doc (kh6htv, 12/25/2019) (reformated 1/7/2020) p. 3 of 11 


[911-EOC (1) 


| 
KH6HTV at 911/EOC City of Boulder NOYE 


OTOM HZ 
ater 


HTV 


= & 
ae, 


VIDEO QUALITY REPORTING - "P" Units --- for more details, see AN-5a 
at: https://kh6htv.com/application-notes/ 


FREQUENCY WEST OSCILLATORS -- Contd. 
Jim, KH6HTV 


In the November issue #23 (pp. 8-10) of this newsletter, I discussed the classical 
Frequency West family of ultra-stable, microwave oscillators. Also in the earlier 
October issue #21 (pp. 6-9), I reviewed the new Analog Devices ADF-5355, microwave 
frequency synthesizer. In that review, I showed a measurement of phase noise where I 
used a 10 GHz Frequency West oscillator and mixer and Rigol spectrum analyzer to 
examine the close in phase noise of the ADF-5355. At the time, I made the statement 
"More Phase Noise is shown, but it is not possible to say if it came from the ADF-5355 
oscillator - or the Frequency West oscillator." Now, I can definitely say the poor phase 
noise seen at 10 GHz was definitely from the ADF-5355 and NOT the Frequency West 
oscillator. 
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I previously had two Frequency West bricks, one for 6 GHz and the other for 10 GHz. 
Recently, Don, NOYE, gave me a second 6 GHz brick. I have thus set up both 6 GHz 
bricks and used one at 6092 MHz to drive a diode mixer as the LO. The other one at 
6940 MHz was then attenuated and put into the RF port of the mixer. The IF difference 
of 848 MHz was then observed on my Rigol spectrum analyzer. What I saw was 
dramatically different from the previous measurement of the ADF-5355 at 10 GHz. 
Actually, the first measurement gave me a bit of a shock. While the phase noise was 
quite low, I saw some very serious harmonics at about 22 kHz. Then I realized that I was 
using a surplus laptop computer power supply for my -20 Vdc power source for the brick 
oscillators. I surmised that the 22 kHz harmonics were probably coming from the 
switching DC power supply. So, I switched over to my B&K model 1630, linear DC 
power supply and sure enough the harmonics disappeared and I got a really clean phase 
noise measurement. See the below photos. 


‘0 Center Frequency 40 Center Frequency 
a 848.135000 MHz od 848.131000 MHz 


10dB/div & 20 kHz/div. 1 kHz resolution bandwidth. Photo on the left was using a 
switching DC power supply. Photo on the right was using a linear DC power supply. 


CHINESE EQUIPMENT REVIEWS contd. 
Jim, KH6HTV 


More items are trickling in from China for evaluation. Guess the "slow boat from 
China" must have docked on the west coast. Thus, this issue contains more reviews. 


The last issue of the BATVC newsletter aroused some interest in readers in other ATV 
clubs. We got this review from John, WBOCMC, in Omaha. 


70cm CIRCULATOR A couple of years ago I needed an isolator for the ATV 
repeater. The channel filter reflects unwanted energy back to the transmitter, as do most 
filters. Depending on line lengths and other parameters this can cause undesired 
performance of the main signal. I found a Chinese Mfr and decided to give them a try. 
UTY turned out to be a good company. I ordered a 250 Watt circulator for 420-426 MHz. 
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$50 + shipping ($79) and wire transfers. They y mi B P 
didn’t take credit cards. What it took to get it cost oe immi E7 m 
more than the circulator itself. Still cheaper than ( ‘ou. VP pL a 
anything from here in the states. I put it through \ ae è , @ 

all the tests I could think of and it met or slightly R VAN ý 
exceeded its specs. It is currently on the ATV ia Ge = 
repeater here in Omaha and has been for the last isd] vex =e) 
two or so years. I did put a 250 Watt terminator SZ . = 
on the third port. It normally only has about 10 or D. 


15 watts of LSB chroma and aural sub to dissipate. The transmitted signal is near 
broadcast quality. Without it the chroma does suffer some, lower burst etc. I got a 
second one a year or so later with the same satisfaction along with a 10 dB, 10 Watt 
(NMF) attenuator ($20), also impressive. The company has a good line of RF hardware 
and if what I got is any indication, this cheap Chinese stuff is worth the price. The N 
male on this one was to order for an extra 5 bucks. Stock is 3 N female. Frequency 
range is below the stock # as is the connector types. The catalog doesn’t list prices but 
has an extensive list of goodies. https://www.uiy.com/ 73 de John, WBOCMC 


RF POWER AMPLIFIERS 


5.8GHz Power Amplifier 

A useful amplifier from E-Bay & 
Banggood is advertised as a 4.5 Watt 
amp. for 5.8 GHz, FPV. The model 
number is TXPA58002W5. It sells for 
typically about $25. It does work. I 
was able to get +35dBm, i.e. 5 watts, at 
5.685 GHz. It does have a low level 
spurious output of about +14dBm, even 
with no input rfdrive. After a long 


time warm-up, the spurious sometimes disappeared. Because of the spurious, I would 
only recommend it be used as an FM-TV amplifier, not for linear signals, such as DTV. I 
measured it's small signal gain to be about 15 dB. The P(-1dB) was +32 dBm. The 
sweet spot seemed to be driving it with an FM-TV exciter at +23.5dBm (225mW). 
Increasing the drive level a couple more dB, the output power actually dropped 
considerably. The specs. say it works on 12 to 16 Vdc. At 13.8 Vdc, the idle current 
draw was 600mA and 1.5 Amps at full RF power output. --- Now for the Bad News ! 
After using this amplifier for a few days of continuous service in a beacon - It died ! 
Rogal Bummer ! 


2.4 GHz Power Amplifier Another power amplifier available from 
Banggood.com was advertised to have 29 dB gain and 1 watt P(-1dB) output. Three 
versions are offered for 433 MHz, 1575 MHz and 2.4 GHz. They sell for $16 as a pc 
board with SMA connectors. I have not found it packaged in a metal enclosure. I 
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purchased the 2.4 GHz version. Testing with the 
20 GHz network analyzer showed that this 
amplifier has a useful bandwidth extending from 
1.2GHz to 2.7GHz. From 1.2 to 2.4GHz the gain 
was relatively flat at 27-28dB dropping to 22dB at 
2.6GHz, while the S11, return loss, was always 
better than -13dB.The power curve was measured at both 1.24GHz and 2.4GHz. At 
1.24GHz, P(-1dB) was +23dBm (200mW) and P(sat) was +24dBm (250mW). At 
2.4GHz, P(-1dB) was +27.5dBm (560mW) and P(sat) was +28.2dBm (660mW). Based 
upon these results, I suspect that the 1575 MHz version would probably be a better choice 
for the 23 cm band. The amplifier was then tested with a 2393 MHz, 6 MHz bandwidth, 
DVB-T signal. The resultant spectrum looked good and the rms output power was 
+22.5dBm (180 mW). The amplifier works on +5 Vdc. The current draw was 350mA. 
The gain and output power were not quite up to the advertised specs. of 29dB and 1 Watt, 
but were certainly acceptable and this amplifier is a good buy. 


BIAS TEE This item from banggood.com was 


advertised to work from 0.01 to 6 GHz. Price was E 

$14. It was rated for dc voltages up to 50 V and 

de currents up to 1/2 Amp. The basic circuit is pa 

that of a series de blocking capacitor and a shunt RF+DC 
de feeding inductor. Measurements on my Wiltron w p ake si max), 


5447A, 20GHz network analyzer showed that it is - 
not useable up to the advertised 6 GHz. It's useful © 

range really was up to the 13 cm (2.4 GHz) band. with S21 insertion loss of < 0.6dB and 
S11 better than -15dB. At 3.3GHz, I measured -1.3dB & -9dB while at 5.8 GHz, I 
measured -3.7dB & -16dB. 


2.4GHz Band-Pass Filter This BPF was listed 
on E-Bay for $8. The advertised specs. were 2.3-2.5 
GHz, S21 = -3.6 dB, S11 =-15 dB. I tested the unit I 
received on my Wiltron network analyzer. The center 
frequency was 2.5 GHz with a mid-band insertion loss .. 
of -3.9 dB and S11 of -17 dB. The -1dB BW was 250 | ial 
MHz, -3dB BW was 330 MHz and the -20dB BW was 
760 MHz. 


PROGRAMABLE RF ATTENUATOR This item from E-Bay & Banggood 
costs $9. Tt is actually a Peregrine model PE4302. Specs. are 0 to 31.5dB in 0.5dB 
steps, 6 bits, DC to 4 GHz, 30 dBm (-1dB compression). It requires +3.0 Vdc power. 
There are six programming lines, each with a pull-down to ground resistor. To enable an 
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attenuator cell, it's line needs to be pulled high to +3 
V. RF testing at 23 cm showed the unit in fact had a 
residual insertion loss of -1.6dB when set for 0 dB. The 
individual cells when activated gave additional 
attenuations of 0.5dB, 1dB, 2dB, 8dB & 16dB. The 
AdB cell was defective and gave 0 dB. Obviously, zero 
QA by the Chinese manufacturer. 


Log-Periodic Antenna This antenna was 
advertised on banggood.com an ultra-wideband 
covering from 1.35 GHz to 9.5 GHz. Price was $8. I 
measured it's return loss, S11, on a Wiltron 5447A 
network analyzer. I found it had two very good 
resonances of -24dB at 2.45 & 8.8 GHz, plus two fair 
resonances of -12 to -14dB at 4.2 & 7GHz. 
Otherwise, the S11 was only better than -6dB from 1.4 
to 5.3 GHz. 


2-Way Power Splitter This item for 
banggood.com cost a low $3.50. It was advertised to 
work from 0.1 to 2.7 GHz. The design is that of a 
Wilkinson power divider. The input is split into two 
1/4 X lines of V2 x Zo impedance, plus a bridging 
resistor of 2 x Zo. Measurements on my 20GHz 
network analyzer showed that it does work as 
advertised. The nominal S21 & S31 insertion loss 
was about -4 dB with + 0.5 dB ripple across the pass 
band. It was useable up to about 3.3 GHz. S11 
was always better than -15 dB. This is a large, very thin (0.02") pe board. Care needs to 
be exercised to avoid flexing it. 


6dB Resistive Power Splitter This item for 
banggood.com cost a low $4. While the photo shows a 
delta formation of chip resistors, the unit received 
actually had a "Y" formation. It was advertised to work 
from DC to 5 GHz. Measurements on my 20 GHz 
network analyzer showed that there were instabilities in 
both S21 & S11 above 3 GHz. They were particularly 
noticeable when the pc board was flexed slightly. 
Below 3 GHz, the insertion loss was -6 dB with S11 > 
-12 dB. Use this part with caution, and then only at low 
frequencies. 
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FREQUENCY DOUBLER This item from 
banggood.com cost $8. It is actually a Hittite model 
HMC-189. Specs. are for a 2-4 GHz drive of +10 to 
+15 dBm with a 4-8 GHz output and conversion loss 
of -13 dB. No dc power required. This is a 
semiconductor diode, frequency multiplier. I tested it 
with a 3 GHz, +11.5 dBm drive and got 6 GHz out at 
-1 dBm. Thus, it did meet specs. 


ADF-4351 ADF-5355 TX-35 


LOCAL OSCILLATORS: An extremely key component required for 


working at microwave frequencies is a good local oscillator (LO) for mixing up and 
down from an IF frequency. My objective was to be able to build transverters for DVB- 
T for the 5 and 10 GHz amateur bands. I was also hoping to be able to use an LO other 
than the large, bulky, Frequency West bricks which required a separate, well regulated 
-20 V power supply. (Note: see the Nov, 2ed edition, #23, newsletter, pp. 8-10 for 
discussion of the FW bricks). | There were three possible candidate oscillators that I 
wanted to check out for use as LOs for DTV service. Again, these were items from 
China and purchased on the internet. The first one was an Analog Devices ADF-4351, 
up to 4.4 GHz frequency synthesizer. Price was $55. The second was an Analog Devices 
ADF-5355, up to 13.8 GHz frequency synthesizer. Price was $158. The third was a 
frequency synthesized, 5.8 GHz, FM-TV transmitter module, model TX-35. Price was 
$8. Testing at 5.8 GHz (5cm band), I was successful with the ADF-5355 and partially 
successful with the ADF-4351.. As feared, the presence of a 6.5 MHz sound sub-carrier 
on the FM-TV module killed it's possibility for use as an LO. 


My 5 cm test setup consisted of a means of first generating a really good quality, DVB-T 
signal at 5.8 GHz. I used a Frequency West brick oscillator at 6940.4 MHz driving 
directly with +10 dBm of LO power an Anzac, model MDC-171, 4-8 GHz double 
balanced diode mixer. For the IF input, I used a Hi-Des, model HV-320E, DVB-T 
modulator on 1262.5 MHz. A DVD player provided live video with motion & audio for 
testing purposes. I set the IF drive level to -5 dBm. The RF output was thus 5678 MHz. 
On the RF output of the mixer, I used an NOYE band-pass filter. It had an insertion loss 
of -2 dB and a -3 dB bandwidth of 16 MHz. For testing of various receiver 
combinations, I then used a Weinschel rotary step attenuator (0-69dB, 1dB steps) plus 
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SMA coaxial attenuators. The resultant DVB-T test signal was -15 dBm max. on 
5678MHz. I then tested various receiver combinations. In each case, I used another 
Anzac diode mixer. The IF output went to a Hi-Des, model HV-120, DVB-T receiver 
driving an HDMI video monitor. Various local oscillators on various LO frequencies and 
resultant IF frequencies were then tested. The basic quality criteria for evaluating each 
LO was the resultant receiver sensitivity. This was measured as the digital threshold, i.e. 
the lowest level RF signal strength that the receiver reliably gave, without freeze framing, 
perfect PS video & Q5 audio. The modulator was setup for "normal", amateur DATV 
settings using 6 MHz bandwidth, QPSK modulation, 8k FFT, 5/6 FEC & 1/16 guard. On 
the Hi-Des receiver, with these settings the digital threshold occurred when the S/N 
dropped to 8 dB. 


Receiver #1 -- The first receiver tested was the best and is considered to be the "Gold 
Standard". It consisted of a second Frequency West brick oscillator on 6092.4 MHz. 
The LO drive power was +11 dBm. The resultant IF was thus 414.4 MHz. The digital 
threshold was found to be -93 dBm. 


Receiver #2 -- This used the ADF-5355 as a local oscillator. For a typically used 70 cm 
IF frequency of 423 MHz, the LO was thus set to 5255 MHz. The ADF-5355 rf output 
power was too low to directly drive a mixer. It was -l1dBm. Thus, a KH6HTV Video 
model UWBA-103 amplifier was use to boost the LO power to +8 dBm. The digital 
threshold was found to be -87 dBm. This was 6 dB worse than with the Frequency West 
LO. The difference was attributed primarily to additional phase noise in the ADF-5355. 
The ADF-5355 was also tested at different LO & IF frequencies of 4763/915 MHz, 
4435/1243 MHz, & 3285/2393 MHz with worse results. The resultant digital thresholds 
were respectively: -84 dBm, -82 dBm, & -82 dBm. 


Receiver #3 -- This used the ADF-4351 as the local oscillator. The LO was set as high as 
possible at 4381 MHz with an IF in the 23 cm band of 1297 MHz. Again the rf output 
direct from the synthesizer was too low to drive a mixer. Thus a UWBA-103 amplifier 
was used to boost the level to +13 dBm. The digital threshold was found to be a poor -79 
dBm. The experiment was repeated again with the IF chosen to be in the 13 cm band at 
2393 MHz. Thus the LO was set to 3285 MHz. The digital threshold this time was 
measured to be -80 dBm, essentially the same. 


Adding a Pre-Amp: -- A test was then run putting a preamp in front of the mixer. The 
only amplifier available was an Anzac AMT-8052 with 13 dB gain & 6 dB NF. Ideally, a 
lower noise amplifier would have been used, if available. The above tests were then 
repeated. Adding the amplifier in front of the mixer with the Frequency West LO 
actually made the sensitivity worse dropping it from -93 dBm to -91 dBm. The opposite 
happened with the ADF-5355 as LO (LO=5255, IF=4223), the sensitivity improved from 
-87 dBm to -89 dBm. 


CONCLUSION: The ADF-4351 has too much phase noise to be useful as an LO for a 
microwave, 5 cm receiver. It could however be used as a LO in a transmitter. The ADF- 
5355 is a bit nosier than the Frequency West oscillator, but could potentially be used as a 
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microwave, 5cm receiver mixer, provided it has a good, low noise preamplifier in front of 
the mixer. It is also necessary to test various LO & IF frequency combinations to find the 
"sweet spot". 


CAUTION: A note of caution needs to mentioned about a peculiarity of the ADF-4351. 
When power is first applied, there is an RF power surge coming out of it before it 
achieves frequency lock. When I had it followed by a booster amplifier to get the proper 
LO drive, this power surge destroyed one of my mixers. 
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output using a TX-35, FM-TV module as an LO 


Crummy 


Receiver #4: The last experiment was to try using a 5.8GHz, FM-TV module. The 
module used was a TX-35. This is frequency synthesized with 40 channels. I selected 
the highest frequency channel at 5945 MHz. The rf output power from the TX-35 was 
+23 dBm. So, I used an SMA, 10 dB pad on it's output to drive +13 dBm into a diode 
mixer. The Hi-Des receiver would not decode this arrangement at all, even with an 
extremely strong -15 dBm input signal. It showed a S/N of OdB. Putting the IF output 
onto a spectrum analyzer showed a horrible output. See the photos above. Obviously, 
totally unusable for LO service ! ! ! 


DTV RF POWER MEASUREMENTS Werner, WB6RAW, sends us 
this note on measuring DVB-T power. ---- "Something our DATV ham community 
might like to know is that the Diamond Model SX-1100 Power/VSWR meter gives a 
pretty close reading of RMS/average power (when it is set to average power), as 
compared to my HP-435B Power Meter on 434 MHz. It's a great little meter that is useful 
from 1.8 MHz - 1300 MHz. It's a thru-line meter, so it is useful for both power and SWR 
measurements. It has two sets of connectors on the rear: SO-239 for 1.8-160 MHz & 
Type-N for 430-1300 MHz A 13.6 Vdc (12 V works ok, too) input on the rear nicely 
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lights up the meter face and gives you a clear indicator of which “band” you are using for 
the power measurements. A 4-position switch on the rear allows you to select which 
“band” your power meter is set to. For hams that don’t have an HP Power meter, the 
SX-1100 is a nice little instrument for the ham shack or lab that is useful for HF thru 
23cm! Price is also reasonable, as I have seen ads online selling this for $125." 


AIN 


ATN -- Check out this web site: 
http://myhamcallsign.com/atn-tv.org/ 

This is no doubt the most impressive ham 
ATV club around. They have a network The Amateur Television Network 
of linked ATV repeaters, much like our Colorado Connection of linked FM voice 
repeaters. (https://colcon.org/wp/ ) The ATN network links most of southern California, 
Arizona and into Las Vegas, Nevada. The head technical guru of ATN is Mike, 
WAOSVT. Mike visited us in Boulder a year ago, last summer. 


